We have observed complex organic molecules (COMs) and deuterated species toward a hot core/corino (HC) associated with the infrared dark cloud (IRDC) clump G34.43+00.24 MM3 with the Atacama Large Millimeter/submillimeter Array (ALMA). We have detected six normal-COMs (CH 3 OH, CH 3 CHO, CH 3 CH 2 CN, CH 3 OCH 3 , HCOOCH 3 , and NH 2 CHO), one deuterated-COM (CH 2 DCN), and two deuterated fundamental molecules (D 2 CO and DNC) toward G34.43+00.24 MM3 HC. None of these lines, except for CH 3 OH, are detected toward the shocked regions in our data, which suggests that COMs do not originate in shocks. The abundance of the COMs relative to CH 3 OH in G34.43+00.24 MM3 HC is found to be similar to those in high-mass hot cores, rather than those in hot corinos in low-mass star-forming regions. This result suggests that the physical conditions of the warm-up phase of G34.43+00.24 MM3 HC are similar to those of high-mass sources. On the other hand, the D 2 CO abundance relative to CH 3 OH in G34.43+00.24 MM3 HC is higher than that of other hot cores, and seems to be comparable to that of hot corinos. The relatively high D 2 CO/CH 3 OH ratio of G34.43+00.24 MM3 HC implies a long cold starless phase of G34.43+00.24 MM3 HC.
Subject headings: astrochemistry -ISM: clouds -ISM: molecule -star: formation 1. Introduction G34.43+00.24 is a filamentary infrared dark cloud (IRDC) (Figure 1a ; Garay et al. 2004; Rathborne et al. 2005; Sanhueza et al. 2010) , and MM3 is the third most massive clump in the IRDC. The mass of MM3 is reported to be 300 M ⊙ in the distance of 3.7 kpc (Rathborne et al. 2006 ; see below for the distance). Toward MM3, we observed several molecular lines and continuum emission by using the Atacama Large Millimeter/submillimeter Array (ALMA) (Sakai et al. , 2015 Yanagida et al. 2014) . We found several continuum sources in this clump, and detected compact emission of a high-excitation methanol line (E u =165 K) toward the most luminous continuum source in MM3 (Figure 1b) ; this source corresponds to "Peak A" in . This methanol emission is likely to trace a hot core/corino around a protostar embedded in the continuum source. In addition, we found a collimated and compact outflow associated with the continuum source ( Figure 1b) . Based on the CS and N 2 H + emission, we found evidence that the compact outflow is interacting with the ambient dense gas; the CS emission tracing the outflow is anti-correlated with the N 2 H + emission tracing the quiescent dense gas (Yanagida et al. 2014; Sakai et al. 2015) . Furthermore, the SiO emission ) and class I CH 3 OH masers (Yanagida et al. 2014) , which are shock tracers, are detected toward the interacting regions. Thus, the outflow is likely very young. In this paper, we investigate the nature of the hot core/corino in G34.43+00.24 MM3 from its chemical composition.
The observationally derived physical parameters of the hot core/corino, such as mass, size, and the dynamical timescale of the outflow, depend on the assumed distance to the source. Kurayama et al. (2011) derived the distance to be 1.56 kpc from VLBI parallax observations. On the other hand, the distance is estimated to be 3.5-3.9 kpc by assuming a Galactic rotation curve (kinematic distance: Sakai et al. 2008; Sanhueza et al. 2012) and by using the near infrared extinction method . Foster et al. (2012 Foster et al. ( , 2014 questioned the parallax distance derived by Kurayama et al. (2011), and Xu et al. (2016) suggested that the IRDC G34.43+00.24 is a part of the large molecular complex, including the G34.26+0.15 UC HII region, whose distance is 3.7 kpc (Kuchar & Bania 1994) . Thus, the distance to this object is not well defined. In this paper, we consider both possibilities.
If the distance is 1.56 kpc (the near case), the gas mass derived with ALMA is less than 1.1 M ⊙ (the upper limit value is due to the assumption of the temperature) and the size of the high excitation methanol emission is 800 au × 300 au. The dynamical timescale of the outflow is less than 740 yr (the upper limit value is due to the assumption of the inclination angle; . Thus, in spite of the youth of the outflow, the size of the hot core/corino is larger than that of the typical hot corinos in low-mass star forming regions (<100 au; Maret et al. 2004) .
If the distance is 3.9 kpc (the far case), the gas mass is less than 6.8 M ⊙ and the size of the high excitation methanol emission is 1900 au × 700 au. The dynamical timescale of the outflow is less than 1900 yr. In this case, the size of the hot core is larger than other intermediate-mass hot cores (300-1200 au; Palau et al. 2011) .
Therefore, the size of the hot core/corino in G34.43+00.24 MM3 seems higher than those of the hot corinos and/or intermediate-mass hot cores, in spite of its young age inferred from the outflow. In this paper, we characterize the chemical composition of the hot core/corino in G34.43+00.24 MM3 by using the ALMA data in detail, and compare the results with those of high-mass hot cores and low-mass hot corinos to explore the nature of the hot core/corino. In particular, we focus on the abundance of N-bearing COM, CH 3 CH 2 CN, which could be more abundant in high-mass sources than in low-mass sources (e.g. Taquet et al. 2015) . We also investigate the formation processes of the observed complex organic molecules (COMs) and deuterated molecules. Hereafter, we refer to the hot core/corino in G34.43+00.24 MM3 as "G34.43 MM3 HC".
OBSERVATIONS
We observed G34.43+00.24 MM3 with ALMA Band 6 and Band 7 in 2012. The phase center was (R.A.(J2000), Dec.(J2000)) = (18 h 53 m 20.4 s , 1
• 28 ′ 23.0 ′′ ). The data used in this paper are a part of the same observations presented in ), Yanagida et al. (2014 , and Sakai et al. (2015) . The details of the observations are also described in these papers.
In the present paper, we use data from nine spectral windows; Windows 1-7 and Windows 8-9 correspond to ALMA Band 6 and Band 7, respectively. A part of the data in Window 2-6 (CH 3 OH, CS, 13 CS, HCOOCH 3 , CH 3 CH 2 CN, and SiO lines), Window 1 and 7 (DNC and HN 13 C lines), and Window 9 (CH 3 OH J K =9 −1 -8 0 E line) are previously reported in , Sakai et al. (2015), and Yanagida et al. (2014) , respectively. Although the spectrometers were used with the 234 MHz mode with a 61 kHz channel width, we averaged channels in order to reduce the noise level; 40 channels (channel width of 2.44 MHz, corresponding to 3.2 km s −1 at 230 GHz) for the data presented in Figure 2 , and 24 channels (channel width of 1.464 MHz, corresponding to 1.92 km s −1 at 230 GHz) for the data presented in Figure 3 . The observed frequencies, the synthesized beam sizes and the rms noise level are listed in Table 1 . The data were reduced by the CASA software package. Self-calibration is not applied. Figure 2 shows the spectra toward the peak position of the CH 3 OH J K =10 2 -9 3 A − emission in G34.43+00.24 MM3 at (R.A., Dec.) = (18 h 53 m 20.62 s , 1
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• 28 ′ 25 ′′ .5), which coincides with the peak position of the dust continuum emission at the present resolution (∼0 ′′ .8×0 ′′ .6). We detected 16 species, including six normal-COMs (CH 3 OH, CH 3 CHO, CH 3 CH 2 CN, CH 3 OCH 3 , HCOOCH 3 , and NH 2 CHO), one deuterated-COM (CH 2 DCN), and two deuterated fundamental molecules (D 2 CO and DNC), above the 3 sigma root-meansquare (rms) noise level. The detected COM lines, except for CH 2 DCN, are often observed toward high-mass hot cores. COMs are considered to form efficiently on grain surfaces at temperatures (T ) larger than a few times 10 K, and sublimate to the gas phase at T 100 K, although the actual sublimation temperature would slightly vary among molecules (Garrod & Herbst 2006; Herbst & van Dishoeck 2009) . Deuterated species are also often detected in hot cores/corinos, which verifies the scenario that COMs are formed at relatively low temperature and/or their parent molecules originate in cold prestellar stage (e.g. Rodgers & Millar 1996; Aikawa et al. 2012) . The highly excited lines and deuterated COMs detected in MM3 are consistent with the properties of hot cores. The upper state energies of the detected molecular lines range from 22 K to 338 K, where the highest one is for the CH 3 OH J K =16 2 -15 3 E line. The detections of the high-excitation lines indicate that there is a hot region. The detected molecular lines are listed in Table 2 .
Figures 1c-j show integrated intensity maps of the COMs and deuterated molecules around G34.43 MM3 HC. For the NH 2 CHO, DNC, and D 2 CO lines, the velocity range for the integration is ±5 km s −1 centered at the LSR velocity of 59.7 km s −1 . For the CH 3 CH 2 CN, CH 3 CHO, HCOOCH 3 , CH 3 OCH 3 , and CH 2 DCN lines, several transitions are overlapped and unresolved (Table 2 ). In such cases, the velocity range for the integration is set from -5 km s −1 of the lowest velocity line to +5 km s −1 of the highest velocity line. In Figure 1 , emission of all the COMs is found to be peaked toward G34.43 MM3 HC. Towards the interacting region between the outflow and dense gas (CS peak), on the other hand, SiO and class I CH 3 OH masers are detected, which suggests the existence of shock there Yanagida et al. 2014 ).
We also found no clear difference in the distribution between O-bearing COMs and Nbearing COMs at the present resolution. This is different from the situation in the Orion KL region; the N-bearing COMs, such as CH 3 CH 2 CN, tend to peak toward "hot core", while the O-bearing COMs, such as CH 3 OCH 3 and HCOOCH 3 , rather tend to peak in the so-called "compact ridge" (e.g., Blake et al. 1996) . Although the origin of the difference is still under debate, Blake et al. attributed this spatial distribution to chemical reactions; molecules formed by neutral-neutral reactions dominate in the hot core, while molecules formed by ion-neutral reactions are found in the compact ridge. Note that, even if the Orion KL region were located at a distance of 3.9 kpc, the hot core and the compact ridge would be resolved with the 0 ′′ .8 beam of our current observations. Thus, the difference between G34.43 MM3 HC and Orion-KL is not due to the spatial resolution. We will discuss the origin of the N-bearing and O-bearing molecules in G34.43 MM3 HC in Section 4.1.2.
We fit a 2D Gaussian to the integrated intensity maps of the COMs emission near G34.43 MM3 HC in Figure 1 , using the Gaussian fitting task in imview of the CASA software package. The derived source size of the COMs emission is comparable to or slightly larger than the beam size (Table 3 ). When we deconvolve the emission with the synthesized beam by using the Gaussian fitting task in imview, the size of the CH 3 CH 2 CN and HCOOCH 3 emission is comparable to that of CH 3 OH, and the NH 2 CHO and CH 3 OCH 3 emission is recognized as a point source. On the other hand, the emitting region of the CH 2 DCN line looks more extended than that of CH 3 OH. Although the distribution of CH 2 DCN seems to be slightly different among the observed COMs, we need a higher angular resolution in order to investigate the spatial differences in the emitting regions in more detail. As for the other deuterated spices, we found that the distribution of DNC is different from those of D 2 CO and CH 2 DCN. The D 2 CO and CH 2 DCN emission peaks toward G34.43 MM3 HC, while the DNC peak is offset from G34.43 MM3 HC (this offset has been reported by Sakai et al. (2015) ). Figure 3a shows a moment 1 map of the CH 3 OH J K =10 2 -9 3 A − line with the velocity range of 50-70 km s −1 , and it clearly reveals a significant velocity gradient from west to east. This gradient is almost perpendicular to the axis of the collimated outflow, suggesting that the CH 3 OH emission could trace a rotating structure around the protostar.
Velocity Structures
In Figure 3b , we show the position-velocity diagram through the solid line indicated in Figure 3a . Although we cannot see a clear rotational feature in this figure, there may be a slight velocity gradient from west to east. In order to fully confirm the rotation motion, we need higher angular resolution observations. Nevertheless, the CH 3 OH emission extends over a velocity range of about 10 km s −1 . Since the internal structure of the core is not resolved, the velocity structures are diluted in one beam. Thus, this relatively large velocity range may come from rotation or infall.
If the large velocity width would be due to only rotational motion and we assume Keplerian rotation, the stellar mass is roughly estimated to be about 11 M ⊙ and 27 M ⊙ for the distance of 1.56 kpc and 3.9 kpc, respectively; the rotational velocity, v rot , is assumed to be 5 km s −1 and the radius, R, is assumed to be 400 au and 950 au for the distance of 1.56 kpc and 3.9 kpc, respectively, and the mass is derived by v 2 rot R/G, where G is the gravitational constant.
In the case of infall motion, the stellar mass is given by v 2 inf R/(2G), which is derived from mv 2 inf /2−GmM/R = 0, assuming that the infall velocity (v inf ) at R=∞ is 0. In this case, the stellar mass is evaluated to be about 6 M ⊙ and 13 M ⊙ for the distance of 1.56 kpc and 3.9 kpc, respectively. Since the emitting region that has such a large linewidth yet remains unresolved, these estimates can be recognized as upper limits. Furthermore, no luminous cm-source has been found toward this hot core in the NVSS data (Condon et al. 1998) , which may suggest a lower mass.
In Figure 4a , we show the spectra of CH 3 OH, HCOOCH 3 and CH 3 CH 2 CN toward the peak position of the CH 3 OH J K =10 2 -9 3 A − line. The CH 3 OH line is found to be broader than the other molecular lines; it is extended toward higher velocity. Although the S/N ratio may not be ideal for a comparison, we found that the HCOOCH 3 and CH 3 CH 2 CN emission are both detected in the same velocity range (53-62 km −1 ). Since the spatial distribution of the integrated intensity is similar (Figure 1 ), the N-bearing and O-bearing COMs, except for CH 3 OH, seems to have similar distributions in G34.43 MM3 HC.
In Figure 4b , we show the spectra of the deuterated molecules toward the same position as Figure 4a . We can see that the peak velocity and the line shape of DNC is different from those of D 2 CO and CH 2 DCN. Although the S/N ratio is poor, the line shapes of D 2 CO and CH 2 DCN look similar to that of CH 3 CH 2 CN, where the peak velocity of D 2 CO and CH 2 DCN is offset to the lower velocity than the peak velocity of the DNC line. Hence, the D 2 CO and CH 2 DCN emission is likely to come from G34.43 MM3 HC. On the other hand, the DNC line is narrower than the D 2 CO and CH 2 DCN lines, and the peak velocity of the DNC line is higher than those of the D 2 CO and CH 2 DCN lines. Since the DNC integrated intensity peak is offset form G34.43 MM3 HC, the DNC emission is likely to trace the envelope. In order to confirm this, higher angular resolution observations with better sensitivity are required.
Column Densities
We evaluate the column density of the observed molecules toward the peak of the CH 3 OH J K =10 2 -9 3 A − emission from their integrated intensity, assuming the local thermodynamic equilibrium (LTE) condition. The velocity range for the integration is ±5 km s −1 centered at the LSR velocity of 59.7 km s −1 . For these column density estimates, we used the transition lines presented in Figure 1 . For the CH 3 CH 2 CN, HCOOCH 3 , CH 2 DCN, CH 3 OCH 3 lines, the velocity range for the integration is set from -5 km s −1 of the lowest velocity line to +5 km s −1 of the highest velocity line to cover all the overlapping lines, as mentioned in Section 3.1. The velocity ranges for the integration are listed in Table 2 . The equations used for the column density derivation are presented in the Appendix.
Since several CH 3 OH lines are detected, we apply the rotation diagram method (Turner 1991; Goldsmith & Langer 1999) ; we fit the data to the following equation;
where k is the Boltzmann constant, W is the integrated intensity, ν is the rest frequency, µ is the electric dipole moment, S is the line strength, N is the column density, Q is the partition function, E u is the upper state energy, and T rot is the rotation temperature. Figure  5 shows the rotation diagram.
In Figure 5 , considerable scatter is seen in the data. This scattering could be partly due to optical depth effects; some transitions may be reached the optically thick limit, while others may still be optically thin (Goldsmith & Langer 1999; Bisschop et al. 2007 ). We estimate the optical depth of each line by using the RADEX code (van der Tak et al. 2007 ). When we set the density of 10 7 cm −3 , the column density of 10 17 cm −2 and the velocity width of 5 km s −1 , the optical depth of the
+ lines is calculated to be higher than unity. Hence, we exclude those lines (black circles in Figure 5 ) for the temperature estimate using the rotation diagram method. In addition, we exclude the data of CH 3 OH J K =9 −1 -8 0 E, which is a maser transition (Yanagida et al. 2014) . The data used for the fit are indicated by red circles in Figure 5 .
As a result, the rotation temperature is derived to be 110 +30 −20 K. We use this temperature for the derivation of the column density of all the observed molecules, including CH 3 OH. Although two or more different transition lines are detected for some of the other molecules, we use the brightest one for the derivation of the column density. The results are shown in Table 4 . The errors in Table 4 include the uncertainty of the excitation temperature and the 1 sigma rms noise level of the integrated intensity. 
Comparison with the Other Sources
To investigate the nature of G34.43 MM3 HC, we compare the molecular abundances in this source with those in the other low-mass and high-mass star-forming regions reported in the literature. For comparison, we use the abundances relative to CH 3 OH, because CH 3 OH is thought to be the parent species in the synthesis of more complex organic molecules (e.g., Herbst & van Dishoeck 2009) .
Recently, Taquet et al. (2015) derived the averaged values of the abundances of several COMs relative to CH 3 OH for hot corinos (bolometric luminosity (L bol ) < 100 L ⊙ ) and high-mass hot cores (L bol > 10 4 L ⊙ ). They found that the HCOOCH 3 and CH 3 OCH 3 abundances relative to CH 3 OH are comparable between low-and high-mass sources, while the CH 3 CH 2 CN abundance relative to CH 3 OH is different. In Table A10 of Taquet et al. (2015) , all of CH 2 CH 3 CN/CH 3 OH of high-mass sources, except for the upper limit data, is higher by more than one order magnitude than that of the low-mass sources. Thus, the difference in CH 2 CH 3 CN/CH 3 OH between low-mass and high-mass sources is significant. We compare our results of HCOOCH 3 , CH 3 OCH 3 and CH 3 CH 2 CN with their results (Figure 6 ). In Figure 6 , the abundances of all the three COMs relative to CH 3 OH of G34.43 MM3 HC are similar to the average values of the high-mass hot cores. The CH 3 CH 2 CN/CH 3 OH ratio of G34.43 MM3 HC is higher by about one order of magnitude than that of the low-mass protostars.
Strong emission of the N-bearing COMs, such as CH 3 CH 2 CN, is often observed toward massive hot cores (e.g., Blake et al. 1996; Beuther et al. 2007; Qin et al. 2010 ), while it is weak toward low-mass sources (e.g., Jaber et al. 2014; Taquet et al. 2015) . Furthermore, there is some evidence that N-bearing COMs are less abundant in intermediate-mass hot cores. For example, Fuente et al. (2014) suggest that the N-bearing COMs are not abundant in the intermediate-mass hot core NGC7129-FIR 2, and Palau et al. (2011) also suggest that they are not abundant in the intermediate-mass hot core IRAS 22198+6336 and AFGL 5124. Thus, the abundance of the N-bearing COMs relative to CH 3 OH in G34.43 MM3 HC seems to be similar to that of the high-mass hot cores rather than that of the hot corinos and intermediate-mass hot cores.
We compare our results with the COMs abundances relative to CH 3 OH in four individual high-mass sources, which were also observed with interferometers ( Figure 7) . The spatial resolution of the observations of these four sources is 0.6-2.7 times different from that of our observations, whereas the spatial resolution of other single-dish observations is about 10 times different from those of our observations. Thus, we avoid the comparison of our data with the single-dish results in this plot. In Figure 7 , we also plot the data of the hot corinos in NGC 1333 IRAS 2A (Taquet et al. 2015) .
In Figure 7 , we can see that the COMs abundances relative to CH 3 OH of G34.43 MM3 HC are comparable to those of G34.26+0.15 SE (Mookerjea et al. 2007 ) within the 1 sigma error. G34.26+0.15 SE is located in the vicinity of three compact HII regions (Mookerjea et al. 2007) , and the luminosity of G34.26+0.15 region (L FIR = ∼5×10 5 L ⊙ : Churchwell et al. 1990 ) is much higher than that of G34.43+00.24 MM3 region (9×10 3 L ⊙ ; Rathborne et al. 2005) . Hence, G34.26+0.15 is a more active star-forming region than G34.43+00.24 MM3. This comparison may indicate that the luminosity of nearby stars does not always affect the COMs abundances relative to CH 3 OH in individual hot cores.
Origins of the COMs
COMs can be formed via three different era and/or processes: grain surface reactions in cold starless stage, gas-phase and grain-surface reactions in the warm up phase, and gasphase reaction after the ice sublimation. We have found that the HCOOCH 3 and CH 3 OCH 3 abundances relative to CH 3 OH toward G34.43 MM3 HC are similar to the averaged values of the other high-mass and low-mass sources. The HCOOCH 3 and CH 3 OCH 3 molecules are thought to be formed on grain surface with the reactions of CH 3 O and HCO radicals (e.g. Garrod 2013 ). Since such reactions occur efficiently during the warm-up phase with a temperature above ∼15 K, HCOOCH 3 and CH 3 OCH 3 are thought to be formed mainly after the onset of star formation. Taquet et al. (2015) suggested that there is no clear trend between the luminosity of protostar and the abundances of HCOOCH 3 and CH 3 OCH 3 relative to CH 3 OH. Our results confirm their suggestion.
On the other hand, the CH 3 CH 2 CN abundance relative to CH 3 OH of G34.43 MM3 HC is higher than that of the hot corinos, and is comparable to that of the high-mass hot cores. The CH 3 CH 2 CN molecule is thought to be formed on the grain surface by hydrogenations of C 3 N or HC 3 N (e.g. Caselli et al. 1993; Garrod et al. 2017) . Such hydrogenation may occur even in the cold (∼10 K) phase. However, if the CH 3 CH 2 CN molecule were formed mainly in the cold starless phase, it would be difficult to explain the observational results. The abundance of the COMs on the grain surface generally increases with time, so that, if the CH 3 CH 2 CN molecule were formed in the cold starless phase, its abundance would depend on the timescale of the cold starless phase. Since the timescale of the cold starless phase is determined by the infall and/or dissipation of turbulence and magnetic fields, it is not apparent that starless phase is systematically shorter in low-mass cores than in high-mass cores. In fact, variations of the starless phase timescale are suggested among low-mass cores (Hirota et al. 2002; Tafalla & Santiago 2004; Sakai & Yamamoto 2013) , and high-mass cores might have some variations, as well (Kong et al. 2016) . If so, the CH 3 CH 2 CN abundance of the low-mass sources should be as high as those of the high-mass sources in this picture.
Alternatively, Garrod et al. (2017) suggested from the chemical model calculations that the CH 3 CH 2 CN abundance on the grain surface increases by more than two order of magnitude after the onset of star formation. Garrod et al. (2017) calculated the time dependence of chemical compositions in an accreting core with three different warm-up speeds (slow, medium, and fast) from 8 K to 400 K. According to Garrod et al. (2017) , the CH 3 CH 2 CN/CH 3 OH ratio is lower in the fast warm-up case ((0.3∼1)×10
−3 ) than in the medium ((4∼5)×10
−3 ) and slow warm-up cases ((1∼3)×10 −3 ) at the temperature of ∼130 K. Since the timescale of high-mass star formation is thought to be shorter than that of lowmass star formation (e.g. Viti & Williams 1999), the observational results are apparently inconsistent with the model calculation results. However, warm regions of a high-mass protostellar core is much larger than that of a low-mass protostellar core, and consequently, materials in a high-mass protostellar core could pass through warm regions for a longer time than those in low-mass protostellar cores (Aikawa et al. 2008; . Thus, dust in high-mass protostellar cores could be warmed up slower than that in a low-mass protostellar cores.
The CH 3 CH 2 CN molecule can be also formed in the gas phase after the ice sublimation in the hot core phase (T > 100 K). However, the formation timescale in the gas phase could be as long as 10 5 yr with a H 2 density of 10 7 cm −3 and a cosmic-ray ionization rate of 10 −17 s −1 (Rodgers & Charnley 2001) . This is much longer than the outflow age of G34.43+00.24 MM3 (<1900 yr). If we assume that the embedded protostar significantly increased its radiation feedback, heating up the surrounding gas, at the moment of launching the outflow, we can say that the contribution of the gas-phase reaction seems to be negligible for the production of CH 3 CH 2 CN. Moreover, the CH 3 CH 2 CN emission is also detected toward another young hot core in W3(H 2 O) (Qin et al. 2015) , which has outflows with a dynamical age of about 5×10 3 yr (Qin et al. 2016) , and the CH 3 CH 2 CN/CH 3 OH ratio of W3(H 2 O) is comparable to that of G34.43 MM3 HC. It seems likely that the CH 3 CH 2 CN molecule could be formed on ice mantle during the warm-up phase. The similar distribution between O-bearing and N-bearing COMs in G34.43 MM3 HC may be explained if both types of COMs have recently sublimated from ice mantles in the hot core. However, this is just a single case study. Survey observations toward young hot cores/corinos are crucial in order to confirm the origin of CH 3 CH 2 CN.
D 2 CO
Comparison with the Other Sources
Although interferometric observations of D 2 CO toward hot cores/corinos are very limited, we compare the D 2 CO abundance relative to CH 3 OH (D 2 CO/CH 3 OH ratio) with that of some other sources (Figure 8) . Fuente et al. (2014) observed the D 2 CO emission toward the intermediate-mass hot core NGC7129 FIR 2 with the PdBI; the dynamical age of the outflow associated with NGC7129 FIR 2 is >3×10 3 yr (Fuente et al. 2001) . They found that the D 2 CO/CH 3 OH ratio of NGC7129 FIR 2 (∼10 −4 ) is higher than that of Orion-KL (∼4×10 −5 ). The D 2 CO/CH 3 OH ratio of G34.43 MM3 HC is evaluated to be 1.5
+3.1 −1.0 ×10 −3 , which is even higher than that of NGC7129 FIR 2. Thus, the D 2 CO abundance of G34.43 MM3 HC seems to be high, as compared with that of the other active hot cores. In fact, the 4 0,4 -3 0,3 emission of D 2 CO, which is observed in this study, was not detected in the single-dish line surveys toward Orion-KL (Sutton et al. 1985) and Sgr BN (Nummelin et al. 1998) , although the COMs emission is generally strong there. Parise et al. (2006) observed D 2 CO and CH 3 OH lines toward several low-mass protostars with a single-dish telescope. According to their results, the D 2 CO/CH 3 OH ratio is 0.004-0.07 toward the low-mass protostellar cores, which is higher than that of G34.43 MM3 HC. Since the observation by Parise et al. (2006) is done with the single-dish telescope, a part of the D 2 CO emission may also come from a cold envelope; Parise et al. (2006) assumed the source size of 10 ′′ in the derivations of the abundances, while the size of the hot corinos is at least 10 times smaller than the source size (Maret et al. 2004) .If so, the D 2 CO/CH 3 OH ratio of the hot corinos could be lower than the values reported for low-mass star forming cores. In fact, Persson et al. (2018) recently observed D 2 CO toward the low-mass source IRAS 16293-2422 B with a resolution of 0 ′′ .5 with ALMA, and the D 2 CO/CH 3 OH ratio is found to be 8 +2 −2.5 ×10 −4 (the CH 3 OH data is taken from Jørgensen et al. 2016 ). Thus, G34.43 MM3 HC seems to have the similar D 2 CO/CH 3 OH ratio to that of hot corinos (Figure 8 ), although the abundance of COMs in G34.43 MM3 HC is similar to that of high-mass hot cores.
Origin of D 2 CO
D 2 CO is thought to be formed in the cold (∼10 K) starless phase (Bacmann et al. 2003) , by gas phase reactions and grain surface reactions (Hidaka et al. 2009 ). Once the core gets warm, deuterium fractionation becomes inefficient, while icy D 2 CO sublimates. The destruction timescale of D 2 CO in the gas phase in a hot core is about 10 5 yr (Rodgers & Millar 1996) . Thus the D 2 CO abundance at the onset of star formation could be retained after the protostar turns on. The high abundance of D 2 CO in G34.43 MM3 HC indicates that G34.43 MM3 HC is young.
At low temperatures ( 20 K), molecular D/H ratio, including D 2 CO/H 2 CO (Taquet et al. 2012), increases with time. Kong et al. (2016) calculated the time dependence of deuterium fractionation ratios with different collapsing speeds, and they found that the deuterium fractionation ratios at a given density depend on the timescale of starless phase. Thus, the D 2 CO abundance could depend on the timescale of its cold starless phase, where longer cold starless phase leads to higher D 2 CO abundance. If so, the high abundance of D 2 CO in G34.43 MM3 HC would suggest a longer timescale of the cold (< 20 K) starless phase than that of other hot cores. However, the number of the D 2 CO observations toward hot cores is still limited. To investigate whether there is diversity of the initial D 2 CO abundance in hot cores, we need survey observations of D 2 CO toward many sources in early evolutionary stages of star formation.
We may also say with the currently available data that G34.43 MM3 HC is a highly deuterated hot core/corino, although we need to derive the deuterium fractionation ratios, such as D 2 CO/H 2 CO, for a definitive conclusion. We detected the CH 2 DCN emission toward G34.43 MM3 HC. The reports of the detection of CH 2 DCN are very limited (Sgr B2(N2): Belloche et al. 2016; Orion-KL and G34: Gerin et al. 1992) . It is possible that the CH 2 DCN abundance is also high toward G34.43 MM3 HC, while the derivation of the deuterium fractionation ratios, CH 2 DCN/CH 3 CN, is essential.
Finally, we should note that the DNC emission is weak toward the hot core; i.e. the peak position of DNC emission is offset from G34.43 MM3 HC. According to the chemical model calculations (Sakai et al. 2015) , the DNC abundance in the ice mantle is higher than that in the gas phase before the onset of star formation, and thus the DNC emission should peak toward G34.43 MM3 HC, once DNC sublimates in the hot core (the sublimation temperature is about 80 K). Sakai et al. (2015) pointed out the possibility that the size of G34.43 MM3 HC is very small and the beam filling factor of the hot core is low even with the 0 ′′ .8 beam. However, the D 2 CO emission is clearly detected to have a peak toward G34.43 MM3 HC. The size of the hot core is thus large enough to be detected with emission lines of sublimated molecules. It implies that DNC is destroyed more efficiently than D 2 CO in the hot core. Hirota et al. (1998) observationally suggest that the HNC/HCN ratio decreases with increasing temperature, due to the reaction of HNC + H. This reaction is also consider to be responsible for the decline of the HNC/HCN ratio at high temperatures in chemical models (Schilke et al. 1992; Graninger et al. 2014) . It should be noted, however, that this reaction destroy HNC, as well, while the HN 13 C emission peaks toward the hot core in our observation (Sakai et al. 2015) . Further theoretical studies, as well as observations with higher angular resolution are desirable to understand the evolution of HNC and DNC around the hot core.
4.3. Nature of the Hot Core/Corino in G34.43+00.24 MM3
We have shown that the COM abundances relative to CH 3 OH of G34.43 MM3 HC are similar to those of high-mass hot cores, rather than those of hot corinos. On the other hand, the D 2 CO abundance relative to CH 3 OH of G34.43 MM3 HC is estimated to be similar to that of hot corinos, rather than that of high-mass hot cores. Thus, G34.43 MM3 HC seems to have an unique and interesting chemical composition.
The similarity of the COM abundances relative to CH 3 OH between G34.43 MM3 HC and the other high-mass hot cores indicates that G34.43 MM3 HC is not an assembly of several unresolved hot corinos, although it is still unclear whether G34.43 MM3 HC consists of a single core or not. The similar COMs abundances relative to CH 3 OH may also suggest that the physical conditions during the warm-up phase of G34.43 MM3 HC are similar to those of the other high-mass hot cores, because the COMs are thought to be mainly formed in the warm-up phase, as pointed out in Section 4.1.2. Since the total mass of the clump is about 300 M ⊙ in the case of the distance of 3.7 kpc (Rathborne et al. 2006) , it could be possible that the core will increase the mass and will form a high-mass star in the future. Indeed, several studies in IRDCs suggest that cores that will form high-mass stars begin their evolution in a low-mass regime (eg., Zhang et al. 2009 Zhang et al. , 2015 Ohashi et al. 2016; Sanhueza et al. 2017) . The low-mass cores eventually accrete sufficient mass to form massive stars, resembling competitive accretion scenarios (Bonnell & Bate 2006; Wang et al. 2010 ).
On the other hand, we have suggested from the observed D 2 CO/CH 3 OH ratio that the duration time of starless phase of G34.43 MM3 HC is longer than that of hot cores. Although it is thought that the G34.43+00.24 MM3 clump has experienced low-mass star formation in the past Foster et al. 2014) , this low-mass star formation event would not have been so intense to significantly affect G34.43 MM3 HC. Consequently, the cold starless phase of G34.43 MM3 HC could be long.
In order to investigate the nature of G34.43 MM3 HC in more detail, we need to resolve the circumstellar structures around the protostar with higher angular resolution observations. This source could be a good target in order to investigate not only the physical processes but also the chemistry in the early stage of star formation in a cluster-forming region.
Summary
We observed COMs and deuterated species toward G34.43+00.24 MM3 HC with ALMA. The main results are summarized below.
• We detected six normal-COMs (CH 3 OH, CH 3 CHO, CH 3 CH 2 CN, CH 3 OCH 3 , HCOOCH 3 , and NH 2 CHO), one deuterated-COM (CH 2 DCN), and two deuterated fundamental molecules (D 2 CO and DNC), above the 3 sigma rms noise level toward G34.43 MM3 HC. The distribution is similar between the N-bearing and O-bearing molecules.
• We compared the abundances of COMs relative to CH 3 OH with those of other regions. The COMs abundances relative to CH 3 OH in G34.43 MM3 HC are similar to those in high-mass hot cores, rather than those in hot corinos and intermediate-mass hot cores. We suggest that the COMs are mainly formed on ice mantles during the warm-up phase, and that the physical conditions of the warm-up phase of G34.43 MM3 HC are similar to that of other high-mass hot cores.
• The distribution of DNC is different from that of D 2 CO and CH 2 DCN. The D 2 CO and CH 2 DCN emission likely comes from G34.43 MM3 HC, while the DNC emission could trace the outer colder envelope around G34.43 MM3 HC.
• The D 2 CO abundance relative to CH 3 OH is relatively high toward G34.43 MM3 HC. This indicates that the G34.43 MM3 HC is young, and may also suggest that the cold starless phase of G34.43 MM3 HC has lasted longer than that in other hot cores.
Detailed molecular line observations of hot cores in the IRDCs are still limited. The observations of the early stages of the hot core phase are important in order to investigate the formation mechanism of not only stars, but also molecules. In order to investigate the origin of the COMs and deuterated molecules in hot cores, we need to achieve a spatial resolution of ∼several 100 au toward protostars (e.g. Oya et al. 2016) . By using ALMA, we will be able to conduct statistical studies with such a high-angular resolution.
A. Derivation of Column density
We derive the column density assuming LTE and optically thin emission. The column density is derived by using the following equation;
where c is the speed of light, ν is the rest frequency, Q is the partition function, µ is the electric dipole moment, S is the line strength, Ω B is the solid angle of the beam, E u is the upper state energy, T ex is the excitation temperature, S ν is the flux, k is Boltzmann constant, and J stands for the temperature given as
In Equation A1 , we use the following relation between the main beam temeprature (T M B ) and S ν ,
The partition function Q is evaluated from the data in JPL or CDMS. We fit the JPL or CDMS data to the function of Q(T ) = a×T b , where a and b are fitting parameters. The fitting results are listed in Table 5 . , et al. 2016, ApJ, 819, id. 117 Yanagida, T., Sakai, T., Hirota T., et al. 2014, ApJ, 794, id. L10 Zhang, Q., Wang, Y., Pillai, T., & Rathborne, J. 2009, ApJ, 696, 268 Zhang, Q., Wang, K., Lu, X., & Jiménez-Serra, I. 2015, ApJ, 804, 141 This preprint was prepared with the AAS L A T E X macros v5.2. 3,18)-20(3,17), 21(3,19)-20(3,18) A, 20(9,12)-19(3,11) A and 29(9,11)-19(9,10) A, (f) NH 2 CHO 12(1,11)-11(1,10), (g) CH 3 OCH 3 12(2,11)-11(1,10) EE and 12(2,11)-11(1,10) AA, (h) DNC J=3-2, (i) D 2 CO 4(0,4)-3(0,3), and (j) CH 2 DCN 15(2,14)-14(2,13), 15(3,13)-14(3,12), and 15(3,12)-14(3,11) . Grey and blue cross marks represent the position of the phase center and the peak of CH 3 OH J=10 2 -9 3 A − emission, respectively. Contour levels start from the 3σ noise level and increase in steps of 1σ [(c) 
(1)
(2) (1)
(1) (1)
( 1) (1) (Parise et al. 2006) , IRAS 16293-2422 B (Jørgensen et al. 2016; Persson et al. 2018) , NGC7129 FIR 2 (Fuente et al. 2014) , and Orion KL (Fuente et al. 2014 and references therein). b Velocity range for the integrated intensity. For non-blended lines, the velocity range for the integration is ±5 km s −1 centered at the LSR velocity of 59.7 km s −1 . For blended lines, the velocity range for the integration is set from -5 km s −1 of the lowest velocity line to +5 km s −1 of the highest velocity line. The 1σ noise level is derived from the data of the emission free regions in the integrated intensity maps. 
